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Nutrient Delivery

Nutrients typically are delivered by controlling ground water flow
using injection wells or infiltration galleries coupled with downstream
production wells. In the most common configuration, ground water
withdrawn from production wells downgradient from the biostimulation
zone is amended with the nutrients required for biostimulation, treated
if necessary to remove contaminants, and reintroduced to the aquifer
upgradient of the biostimulation zone using the injection wells or
infiltration galleries. Water from an external source is required if the
flow of withdrawn water is insufficient to control the subsurface flow
or if it is infeasible to reinject the withdrawn ground water. The rate
of nutrient delivery to the biostimulation zone, therefore, is often
limited by the solubility of the nutrients in water and the reinjection
flow rate.

Alternately, gaseous nutrients or substrates such as oxygen or
methane may be delivered to the biostimulation zone by sparging,
the direct injection of gas into the saturated aquifer to effect in situ
dissolution of the gas into solution. However, mobilization of vola-
tile contaminants into the gas phase may necessitate additional gas-
phase controls.

When the limiting nutrients for microbial growth are added to
the subsurface, excessive microbial growth may occur around the
injection zone, causing significant plugging of the permeable media
and limiting the reinjection flow. Innovative methods for discourag-
ing well plugging while promoting dispersed microbial growth through-
out the zone of contamination are required. One such method, which
has been shown in field studies to reduce localized plugging associ-
ated with cometabolic bioremediation, is alternating pulses of elec-
tron donor and electron acceptor in the reinjection water. Since both
electron donor and acceptor are required for microbial metabolism,
advective and dispersive processes within the aquifer must mix the
nutrients before conditions promote microbial growth, causing cells
to grow dispersed throughout the aquifer and producing a large
biostimulation zone (Semprini et al., 1990).

Oxygen, Air, Hydrogen Peroxide

Because of the low solubility of oxygen in water, the major ki-
netic limitation on aerobic bioremediation reactions is often the availability
of oxygen (Lee et al., 1988; Thomas and Ward, 1989). This is espe-
cially the case with high BOD (biological oxygen demand) compounds
such as petroleum hydrocarbons. Air sparging of water can supply 8